Abstract
Introduction

28
Diel Vertical Migration (DVM) is an adaptive behaviour regulated by light and has previously been 29 thought to exist worldwide (Hays 2003) . For zooplankton that feed in the surface, such as those feeding 30 on phytoplankton, there will always be a trade-off between predation risk and the necessity to feed.
31
Importantly, as long as there is a diel cycle in solar illumination, this trade-off will shift between day 32 and night, with an increased risk of predation during daytime. Consequently, with varying solar 33 illumination, there is typically an optimal time to feed in the surface (night) and an optimal time to 34 migrate down to depth to hide from visually feeding predators (day); see Hays (2003) and Ringelberg
35
(2010) for extensive reviews. It is generally accepted that the overall risk of visual predation is the 36 predominant adaptive reason for DVM (Ringelberg 1999 , Ringelberg & van Gool 2003 , with light 
45
At high latitudes, the extreme seasonal variation in solar altitude results in the polar night -a time 46 during which the sun remains at or below the horizon throughout the entire 24-hour diel cycle.
47
However, the polar night in the Arctic is not homogenous in its intensity (Berge et al. 2015) , and 48 becomes longer and darker with increasing latitude. The most extreme diel cycle is found at the 49 geographic North Pole (90° N) where there is just one sunrise and one sunset each year. The latitudinal 50 increase in the extent of darkness is the result of the latitudinal variation in amplitude of the daily solar 51 altitude cycle, which decreases linearly from 60° at 60° N, to 0° at 90° N (but remains constant at any 52 given latitude throughout the year). Additionally, sea ice and snow cover modify the light 53 environment, particularly through shading, which alters zooplankton vertical distribution and 54 behaviours (Wallace et al. 2010) . Although sea ice thickness and duration of presence generally 55 increases at higher latitudes, local oceanic and meteorological conditions result in considerable spatial 56 variation in the timing and thickness of sea ice cover even within the same latitudinal range, with large 57 variation at small spatial and temporal scales. Solar irradiance and sea ice variation therefore contribute 58 to a highly variable underwater light environment in the Arctic, which is anticipated to affect migration 59 DVM during the polar night behaviours.
60
Our understanding of DVM is challenged in high latitude environments experiencing the polar night,
61
as DVM is a light-driven behaviour. Indeed it was previously assumed that DVM would cease entirely (Berge et al. 2009 , Webster et al. 2015 , Last et al. 2016 .
72
Detection of DVM is commonly undertaken using bioacoustical methods (Brierley 2014). However, 73 acoustic data sampled using ADCPs can only be used to detect migrations on a population level, when 74 synchronised movements are recorded as migrating sound scattering layer(s). During the period of 75 midnight sun, when the sun remains above the horizon for periods of duration longer than 24 hours, 76 unsynchronised migrations occur where zooplankton migrate on an individual basis rather than being 77 controlled by a uniform underlying cue (Cottier et al. 2006 , Wallace et al. 2010 . Whilst 78 unsynchronised behaviours might occur during the polar night, this study focuses on the synchronised 79 DVM behaviour that occurs on a population level, "classic DVM" as defined by Cottier et al. (2006), 80 and that can be detected and quantified using data sampled with ADCPs.
81
Whilst the existence of synchronised DVM in autumn, spring, and early/late winter is well described 
90
Our focus is to quantify how the prevalence of DVM which has an impact on further predator prey 
93
Methods
94
Acoustics
95
The dataset used here and referred to as the panArchive from this point forward, is a collection of data 
125
In Figure 2a , the duration of time spent migrating down each day reduces during late autumn, but the 126 DVM is continuous throughout the year. In Figure 2b , there is a gap between the apices of the "V" October -March) were used (n = 50). Each actogram was classified into one of the three groups 141 described above ("continuous DVM", "seasonally ceasing DVM" or "no DVM").
142
Definition of DVM cessation period
143
Actograms that were classed as showing seasonally ceasing DVM (exemplified in Figure 2b information where satellite data is not available (i.e. at the 89° N mooring stations).
164
In addition to the data on sea ice coverage collected using ADCPs, sea ice concentration data (from latitudinal classifications is shown in Figure 3a , along with a conceptual summary of the findings
179
( Figure 3b ).
180
Between latitudes 74° N and 77° N, we identified a transition zone in which the cessation in DVM was We have presented a pan-Arctic assessment of the occurrence and cessation of solar-mediated, 
232
Overall light availability decreases with water depth due to attenuation by seawater and its particulates.
233
We show the effect of this attenuation through a variation in the duration of DVM at different depths availability reduces with depth due to attenuation, it also varies spatially due to differences in water The observation of no DVM at 89° N is a novel finding. In agreement with the data presented here,
274
Hobbs (2016) we have no understanding of the behaviours that occur between these latitudes due to an absence of 280 data. However, it might be expected that the lack of DVM extends for several degrees south of 89° N 281 since even at 88 °N (which includes a total northerly geographical area of 1.57x10 5 km 2 ), the sun only 282 crosses the horizon for a total of 10 days each year (although it is currently not known how many days 283 per year of a diel solar cycle would be required to initiate DVM).
284
Sea ice has also been found to modify DVM, principally through the shading effect (though indirect 285 consequences of sea ice such as the effect it has on food, turbidity, and species composition have also , and this has provided enough light to entrain DVM at Station C.
290
Even when sea ice forms at the same time of year, the sea ice has a different effect on DVM depending 
